T , was isolated from a terrestrial hot spring located at Jharkhand, India, and was identified following a polyphasic approach. Cells were non-sporulating, aerobic, Gram-stain-negative rods and motile by a single polar flagellum. Optimum temperature for growth was 50-55 6C at pH 6.5-7.0. 16S rRNA gene sequence analysis revealed 99.71 % similarity with P. succinatimandens 4BON The genera Tepidiphilus and Petrobacter belong to the class Betaproteobacteria and are represented by monotypic species, each with a single strain, Tepidiphilus margaritifer N2-214 T and Petrobacter succinatimandens 4BON T , respectively. Both strains were isolated from extreme habitats and were reported independently from different parts of the globe. Although the genus Tepidiphilus was proposed by Manaia et al. (2003) , this name was not validly published at the time of the proposal of the genus Petrobacter (Salinas et al., 2004) . Therefore, P. succinatimandens 4BON
T was not compared with T. margaritifer N2-214 T . In our recent study, we found a close phylogenetic relationship of strain JHK30 T with the members of the genera Tepidiphilus and Petrobacter. This prompted us to re-evaluate the taxonomic position of the genera Tepidiphilus and Petrobacter. Based on 16S rRNA sequence analysis, the genera Tepidiphilus and Petrobacter showed 98.9 % similarity. A literature survey indicated significant phenotypic similarities (Manaia et al., 2003; Salinas et al., 2004) . Strains were Gram-negative, nonsporulating, short rods of length 2 mm and motile by a polar flagellum. They were positive for catalase, oxidase and nitrate reduction. Anaerobic growth occurred in the presence of nitrate. The strains were moderately thermophilic, chemo-organotrophic and preferred organic acids as the sole carbon source for growth.
In this present study we compared the phenotypic, chemotaxonomic and genotypic relatedness of T. margaritifer N2-214 T and P. succinatimandens 4BON T and propose the transfer of P. succinatimandens to the genus Tepidiphilus as Tepidiphilus succinatimandens comb. nov. In addition, we describe the phenotypic and genotypic characteristics of a novel bacterium, strain JHK30 T , isolated from a hot spring at Suryakund (24 u 089 580 N 85 u 389 440 E), Jharkhand, India. Based on the results of a polyphasic study, it is proposed that JHK30
T be assigned as the type strain of a novel species of the genus Tepidiphilus, for which the name Tepidiphilus thermophilus sp. nov. is proposed.
Sediment samples were collected in a sterile container from a terrestrial hot spring at Surajkund, Jharkhand, India. The surface temperature of the sediment sample at the site of collection was 60 uC and the pH was 7.2. Sediment samples were brought to the laboratory and subsequently 2.5 g (wet wt) sediment sample was transferred into a 250 ml conical flask containing 50 ml nutrient broth, pH 7.2 (Difco), and incubated on a shaker (ISF-I-V; Adolf Kuhner) at 55 u C and 200 r.p.m. After overnight incubation, the culture was serially diluted and plated onto nutrient agar medium, pH 7.2 (Difco), and incubated at 55 u C for 2 days. Several colonies that appeared at 55 u C were picked and purified by repeated streaking on the same medium. A small colony with a cream colour, being representative of several similar colonies, was selected for further characterization; this strain was designated JHK30
T . For short-term preservation, the culture was streaked on nutrient agar and stored at 4 u C. For long-term preservation, the culture was stored at 280 u C in 15 % (v/v) glycerol. For comparative study, two type strains were obtained from Leibniz-Institut DSMZ, Germany: T. margaritifer DSM 15129 T and P. succinatimandens DSM 15512 T . Unless indicated otherwise, all strains were grown and maintained as mentioned previously.
Cell morphology was examined by using transmission electron microscopy (model MORGAGNI 268D; FEI) as described by Kumari et al. (2013) . Gram staining was carried out using a commercial kit (Becton Dickinson) according to the manufacturer's instructions.
The temperature for growth in the range 25-60 u C was examined in nutrient broth at pH 7.0 for 2 days. Similarly, the pH range for growth was examined in nutrient broth prepared in buffered solutions (pH 3.5-5.5, 50 mM acetic acid/50 mM sodium acetate; pH 6-8, 50 mM KH 2 PO 4 / 50 mM K 2 HPO 4 ; pH 8.0-10, 50 mM Na 2 CO 3 /50 mM NaHCO 3 ) (Jung et al., 2012) in the range pH 3.5-10.0 in steps of 0.5 pH unit at 55 u C for 2 days. Anaerobic growth was determined on nutrient agar and nutrient agar supplemented with sodium nitrate (1 %, v/v) using the BD GasPak EZ system (Becton Dickinson).
For phenotypic characterization, reference type strains P. succinatimandens DSM 15512 T and T. margaritifer DSM 15129
T were tested simultaneously with JHK30 T under the same laboratory conditions. Oxidase activity was assayed using discs impregnated with dimethyl p-phenylenediamine (Hi-Media). Catalase activity was assayed by mixing a pellet of a freshly centrifuged culture with a drop of hydrogen peroxide (30 %, v/v) . Utilization of different sugars, organic acids and amino acids were tested in peptone water basal media (Hi-Media) containing substrate at a final concentration of 10 g l
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. In addition to classical tests and procedures of characterization based on phenotypic traits as described by Bandyopadhyay et al. (2013) , phenotypic characterization of the isolates was performed using API ZYM, API 50CHB, API 20NE and API 20E (bioMérieux) and Biolog GN2 microplates following the manufacturers' instructions, except that incubation was performed at 55 u C. Susceptibility to different antimicrobials was tested by using the disc diffusion plate method on nutrient agar using the following antimicrobial discs: nalidixic acid (30 mg), trimethoprim (5 mg), chloramphenicol (30 mg), streptomycin (10 mg), tetracycline (30 mg) and sulfamethoxazole-trimethoprim (25 mg). Strains were grown for 12 h in nutrient broth. The turbidity of the cell suspensions was adjusted to OD 600 0.5. The grown culture (100 ml) was spread onto the nutrient agar plates and incubated for 36 h at 55 u C. The diameter of each antimicrobial disc was 8 mm. Strains were considered susceptible when the inhibition zone diameter was greater than 10 mm.
DNA G+C content of strain JHK30
T was determined by the Identification Services of the DSMZ, Germany. For this, DNA was degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated by HPLC (Shimadzu) using an analytical column (Vydac 201 SP54, C18, 5 mm; 25064.6 mm) equipped with a guard column (201 GD54H; Vydac). Cellular fatty acids were analysed from cells grown on nutrient agar (Difco) plates at 55 uC for 3 days. All strains were at the stationary phase of growth at the time of fatty acid analysis. Analysis was performed by the method described by Kumari et al. (2013) . Fatty acid methyl ester mixtures were separated by using the Sherlock Microbial identification system (MIDI, Microbial ID) with an Agilent model 6890N gas chromatograph.
For the analysis of polar lipids and diaminopimelic acid (DAP), cells were grown in nutrient broth to mid exponential phase in a rotary shaker at 55 u C and lyophilized. DAP was detected following the method of Staneck & Roberts (1974) by using TLC on cellulose plates (cat no. 1.05577.0001; Merck). The solvent system used for separation was methanol/water/6 M HCl/pyridine hydrochloride (80 : 26 : 4 : 10, by vol.). DAP spots were detected by spraying 0.2 % ninhydrin (Sigma) prepared in acetone.
Polar lipids were extracted from 200 mg dry cells following the method of Bligh & Dyer (1959) . Polar lipids were separated by two-dimensional TLC (Silica gel 60 F 254 , cat no. 1.05554.0007; Merck) using chloroform/methanol/ water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension. Total lipids and specific functional groups were detected according to the method described by Minnikin et al. (1979) and sprayed with specific reagents [molybdophosphoric acid (for total lipids), ninhydrin (for amino groups), a-naphthol (for sugar-containing lipids), molybdenum blue (for phosphorus-containing lipids) and Dragendorff's reagent (for choline-containing lipids)].
Phylogenetic position of strain JHK30
T was determined by 16S rRNA sequence analysis. DNA was isolated according to a standard protocol (Sambrook & Russell 2001) . The16S rRNA gene was amplified by the method described by Panday et al. (2011) . Primers used for the amplification of the 16S rRNA gene were 59-GAGTTTGATCCTGGCTCA-39 (forward primer) and 59-AGAAAGGAGGTGATCCA-GCC-39 (reverse primer) (Das et al., 1996) . Amplified PCR products were purified using a QIAQuick Gel Extraction kit and sequenced using a CEQ Dye terminator cycle sequencing kit in a model CEQ 8000 automated DNA sequencer (Panday & Das 2010) . The nucleotide sequences obtained were assembled using the sequence alignment editor program BioEdit (Hall, 2007) to a final length of 1404 nt and were compared with those in GenBank after BLAST searches (Altschul et al., 1997) and using the EzTaxon-e server (Kim et al., 2012) . The 16S rRNA gene sequences of the first thirty hits corresponding to strains representing species with validly published names obtained from the EzTaxon-e server were considered for phylogenetic tree reconstruction where the Escherichia coli 16S rRNA gene (Maly & Brimacombe, 1983 ) was used as the reference template. All sequences were aligned using the template-based alignment algorithm CRWalign (Gardner et al., 2012) , edited and refined manually. A neighbour-joining (Saitou & Nei, 1987) phylogenetic tree was reconstructed by the Kimura twoparameter model (Kimura, 1980) using the MEGA 5 (Tamura et al., 2011) software package (The Biodesign Institute). The statistical significance of branch points was calculated by 1000 bootstrap resamplings of the data (Felsenstein, 1985) . Further, phylogenetic diversity was confirmed by comparing 16S rRNA gene secondary structures to find genus-specific and species-specific base substitutions or deletions (signature positions). The base positions were assigned according to E. coli numbering and helix numbering was adopted from the ARB database (Ludwig et al., 2004) .
DNA-DNA reassociation study is considered as a standard method for bacterial species delineation (Wayne et al., 1987) . Hence, DNA-DNA reassociation experiments were carried out between strain JHK30 T , T. margaritifer DSM 15129 T and P. succinatimandens DSM 15512 T . Hybridization was performed as described by Panday et al. (2011) . DNA from E. coli strain HB101 was used as an unrelated negative control. Experiments were performed in duplicate.
All three strains exhibited similarities in phenotypic properties. Cells were Gram-stain-negative, non-sporulating, short rods and motile by means of a single polar flagellum.
Growth occurred in nutrient agar or trypticase soy agar (Difco) medium. Moderately thermophilic and optimum growth occurred at neutral pH. Optimum growth occurred within 50-55 u C at pH 6.5-7. Anaerobic growth occurred by using nitrate as terminal electron acceptor. The strains were positive for catalase, oxidase, nitrate reductase, gelatinase, alkaline phosphatase, and hydrolysis of DNA and aesculin. They were negative for indole, methyl red and VogesProskauer tests, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, phenylalanine deaminase, tryptophan deaminase, H 2 S production, starch hydrolysis, and citrate and malonate utilization. Among different organic acids and amino acids tested as sole sources of carbon by classical methods, growth was observed with malate, caproate, succinate, fumarate, pyruvate, glutamic acid and aspartic acid. No growth was recorded with butyrate, propionate, lactate, 4-aminobenzoate, L-serine, valine or Lalanine. In API 20NE, only assimilation of capric acid, malic acid and phenylacetic acid was positive for all three strains. No sugars were oxidized in the API 20E and API50CHB systems. In API ZYM, activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase were positive and activities of a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase were negative.
Phenotypic variations among the three strains were recorded in biochemical tests, API ZYM, Biolog GN2 microplate and antimicrobial susceptibility tests ( T could not oxidize a-ketovaleric acid, bromosuccinic acid, L-alanine, L-asparagine or 2,3-butanediol for which the other strains showed a positive response. Similarly, strain JHK30
T was susceptible to sulfamethoxazoletrimethoprim (25 mg ml
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) for which the other strains showed a resistant phenotype. Details of the phenotypic variations among the three strains compared in this study are listed in Table 1 .
In chemotaxonomic analysis, similarities between the three strains were also recorded. The peptidoglycan contained mesodiaminopimelic acid (Fig. S1 , available in IJSEM Online). Phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylcholine (PC) and diphosphatidylglycerol (DPG) were predominant polar lipids in all three strains (Fig. S2) . 
66.1 58.6 a PC was not previously reported in members of the genus Tepidiphilus (Manaia et al., 2003) ; however, our results showed the presence of PC for which amendment of the genus description is necessary. Differences were recorded in the distribution of other minor lipids indicating variations at the species level. Apart from the major polar lipids, strain JHK30 T contained one aminolipid, two unknown glycolipids and two unknown lipids. P. succinatimandens contained one aminolipid, two glycolipids and eight unknown lipids whereas T. margaritifer contained one aminolipid, one glycolipid and three unknown lipids. Cellular fatty acids were analysed for the three strains in order to compare the abundance of fatty acids. The signature fatty acids C 16 : 0 and C 19 : 0 cyclo v8c present in members of the genus Tepidiphilus were found in high proportions in P. succinatimandens and strain JHK30 T . Moreover, C 17 : 0 cyclo was found to be predominant in all three strains. Hence, fatty acid signatures also indicated that the three strains may be included in the genus Tepidiphilus, for which the major fatty acids are C 16 : 0 , C 17 : 0 cyclo and C 19 : 0 cyclo v8c. However, relative abundances of fatty acids were different among the three strains indicating variations at the species level (Table 2) . Strain JHK30
T differed from the other strains by the presence of C 13 : 1 and the absence of C 15 : 0 3-OH (Table 2) .
Genetic analysis based on 16S rRNA gene sequence similarity and DNA-DNA hybridization further supported the possibility of transfer of P. succinatimandens to the genus Tepidiphilus as Tepidiphilus succinatimandens comb. nov. 16S rRNA gene sequence analysis revealed 98.9 % similarity between P. succinatimandens and T. margaritifer, a value much higher than that accepted for genus delineation (Tindall et al., 2010) . Moreover, analysis of 16S rRNA secondary structure revealed only 13 signature changes (base substitutions) distributed in different helices, which is insufficient to claim genus novelty (Chen et al., 2003) (Table S1a) . But DNA-DNA hybridization, having greater resolution than 16S rRNA gene sequence analysis, indicated a relatedness value of 37.3-39.4 % (using reciprocal probes), which is sufficiently below 70 %, suggesting that the two strains must be considered as novel species (Table S2 ).
The nearly complete 16S rRNA gene sequence (1404 nt) of strain JHK30
T was sequenced in this study and a subsequent similarity search based on the Ez-Taxon-e server showed 99.71 % sequence similarity with P. succinatimandens 4BON T and 98.71 % similarity with T. margaritifer N2-214 T . In the secondary structure-based phylogenetic tree, strain JHK30 T was clustered with P. succinatimandens 4BON T with bootstrap confidence of 100 % (Fig. 1) . Comparison of 16S rRNA secondary structures also indicated that strain JHK30
T is more closely related to P. succinatimandens, having six signature changes, i.e. four species-specific base substitutions and two base deletions (Table S1b) . Further, DNA-DNA reassociation values between strain JHK30 T and P. succinatimandens were between 57.5 and 56.9 % (Table S2 ). For strain JHK30 T and T. margaritifer the value was 34.6-48.7 %. Hence, considering the cut-off value for species delineation of 70 % (Wayne et al., 1987) , strain JHK30 T should be regarded as a novel species of the genus Petrobacter. But as it is recommended to transfer the members of the genus Petrobacter to the genus Tepidiphilus, strain JHK30 T should be considered as a novel species of the genus Tepidiphilus, for which the name Tepidiphilus thermophilus sp. nov. is proposed.
The G+C content of the genomic DNA of strain JHK30 T was 66.1 mol%, a value that is close to T. margaritifer N2-214 T but higher than that of P. succinatimandens 4BON T (Table 1) . This indicates that the DNA G+C content of members of the genus Tepidiphilus varies between 58 and 67 mol%. Variation of DNA G+C content within species of a genus can be variable as reported by Pikuta et al. (2003) , which further supports our findings.
Emended description of the genus Tepidiphilus Manaia et al. 2003
Tepidiphilus (Te.pi.di9phi.lus. L. adj. tepidus lukewarm; Gr. adj. philos friendly to; N.L. masc. n. Tepidiphilus liker of lukewarm conditions).
The description is as given by Manaia et al. (2003) with the following amendments. Non-fermentative. Positive 
Emended description of Tepidiphilus margaritifer
Has the following characteristics in addition to those given in the genus description and by Manaia et al. (2003) .
Negative for H 2 S production, starch hydrolysis, citrate and malonate utilization. Positive for esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase. Negative for urease, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, 
